luicar de Barrameda, Montilla, and Nova del Rey districts in Spain and of the Chateau Chalon region in France are produced by a process which differs significantly from that used in all other European districts. In these regions, after the primary alcoholic fermentation the wines are left on all, or a considerable proportion, of the yeast sediment in containers that are not more than 85 per cent full. A film stage of the yeast then develops on the surface of the wine and, after 1 to several years' growth, imparts a characteristic aldehyde-acetal odor. In many cases, the film remains on the wine for several years bestowing a special nuance of bouquet to the wine. The characteristic film-yeast or "sherry" odor is due not only to the accumulation of acetaldehyde and acetal but also to unidentified substances. Some of these substances appear to be derived from or to follow the autolysis of the yeast. The yeast is a true Saccharomyces according to Fornachon (1953) . In their fermentation characteristics, these yeasts appear identical to Saccharomyces cerevisiae var. ellipsoideus, but they are usually classified as Saccharomyces beticus or Saccharomyces fermentati (Rankine, 1955 and Castor and Archer 1957) . The process has been described in English by Joslyn and Amerine (1941) , Cruess (1948) , Fornachon (1953a) , and others.
Unfortunately, the film process of making a sherrytype wine in casks is slow and expensive. The ratio of surface to volume is most favorable in small containers. Butts of about a 140 gal capacity are employed in Spain. Even so, it takes 3 or more years for the requisite flavor to develop in the wine. Furthermore, the film grows capriciously: its growth is very subject to changes in temperature, and the flavor produced may unaccountably vary from one container to another. This variation in flavor is one reason for the complicated blending system used in Spain in which the contents of many casks are mixed several times during aging. For details of the fractional-blending or solera system employed, see Baker et al. (1952) .
The production of a film-yeast type wine would be greatly facilitated if the film yeast could be induced to grow in a submerged culture under controlled condi-1 Presented at the 14th General Meeting of the Society for Industrial Microbiology, Palo Alto, California, August, 1957. 160 tions of sterility, aeration, and temperature, and if the desirable flavor products would be produced and accumulated. This paper reports some experiments which were designed to gain these objectives. The earliest report noted here is that of Fornachon (1953b) who made a detailed study of the process of aldehyde formation in shaken suspensions of yeasts in wines. He found that, under aerobic'conditions, the cell is able to transfer hydrogen from the reduced coenzyme to molecular oxygen by means of the diaphorase-cytochromecytochrome oxidase system.
Another early report of the submerged culture of yeasts of this type with wines is that of Ter-Karapetian (1953) . Employing S. cerevisiae var. ellipsoideus in aerated stirred cultures, he found increases in acetaldehyde and decreases in volatile acidity and total nitrogen. Following aeration, he heated the wine under anaerobic conditions to mature it. The acetal content increased during this period. Ter-Karapetian admitted that the quality of the wines produced was low, and he cautioned that the conditions must be carefully controlled, though his report does not specify precisely what the conditions should be.
Crowther and Truscott (1955) reported that when 2 per cent of freshly cultured film yeast was shaken with wine for 3 weeks, the wine acquired a film-yeast flavor. No chemical data were given, but rapid multiplication of the yeasts was reported, which we have been able to substantiate. Crowther and Truscott (1957) The fermentation equipment used was the controlled fermentors previously described by Amerine (1953 In experiments in which alcohol or aldehyde were recovered from gases, about 12 gal of neutral buffer containing sulfite was introduced into the washing column. These solutions were changed and analyzed daily. The analytical procedures were those normally employed in this laboratory as outlined by Amerine (1955) . The yeast cell count was made by the direct hemacytometer method, using a Levy-Hausser counting chamber.
RESULTS AND DISCUSSION During the experiment with Thompson Seedless must of 1955 vintage in fermentation no. 1, the following sequence of treatments was used after the primary or alcoholic fermentation: the oxygen pressure was maintained at 4 atm the first 10 days by bleeding in about 1 L per minute (1pm) of oxygen. Thereafter the pressure was brought to 4 atm with oxygen every 2 or 3 days. The pressure loss in 3 days usually brought the pressure down to about 1 atm so that the wine was at all times under a positive oxygen pressure. During the last week, oxygen was run in at atmospheric pressure at the rate of 3 1pm. The temperature was 65 F (18.3 C) until the last 3 weeks, when it was successively raised to 70, 75, and 80 F (22.2, 23.9 , and 26.7 C) at 1-week intervals to I ALCOHOL: Refortification to 14.5% was made periodicolly.
GAS: 02 throughout. figure 1 , there was an initial drop in yeast count, then an increase, and finally, at the higher temperatures, a decrease. The acetaldehyde content increased, then decreased, again increased markedly, and finally dropped to a low value. However, the final low value is probably due to removal of the acetaldehyde by the oxygen flow at 80 F. Periodic analyses were made of the various constituents. The data for fermentation no. 1 are given in table 1. It shows that malic and lactic acids were among the carbon sources under these conditions. Losses in esters and acetaldehyde (figure 1) may have been due to volatilization. Alcohol was probably lost for both reasons. The result of this experiment was negative as far as aldehyde accumulation was concerned. Yeast growth was stimulated by stirring but decreased at high temperatures. Simultaneously with the experiment described above, fermentation no. 2 was operated Nvith another sample of the same lot of Thompson Seedless must (figure 2). The temperature and stirring conditions were the same, but pressure was used for 1 week starting with the 43rd day and, during the rest of the experiment, oxygen at the rate of 0.1 1pm was bubbled through the wine. The changes in acetaldehyde and yeast count were similar to those of fermentation no. 1. The yeast count decreased, increased, and finally decreased at the higher temperatures. The acetaldehyde increased, decreased, increased, and then decreased at the higher temperatures and rates of gas flow. Malic and lactic acids and the esters decreased. The result at the completion of this experiment was negative for aldehyde accumulation. However, the oxygen flow did stimulate yeast growth. When week and it was then reduced to 68 F (20 C). The stirrer was operated 5 min per hr until the 44th day when it was used continuously for 5 days; it was then reduced to 1 min per hr until the end of the experiment. In this experiment, as indicated in figure 3 , there was a steady decrease in acetaldehyde. All of the loss from the 20th to the 44th day could be accounted for by the amount recovered in the washing tower. There was a distinct decrease in volatile acidity (0.107 to 0.081 per cent) during the 57 days of the experiment, indicating that acetic acid was a carbon source for the yeast, which is normal for this type of yeast under aerobic conditions. There was also a slight decrease in tartaric and malic acids. The total neutral esters increased. The failure in this experiment was apparently due to lack of pressure in the early part of the experiment and lack of air flow in the last part. On October 31, 19306, Palomino grapes were harvested, crushed, and pressed an-id placed in ferml-enitationis nio. 7 anid 8. To each, 7.53 g per gal of calcium sulfate wAas added and, durinig the fermiientation, I lpnm of oxygeni wsas bubbled through to accelerate the fermentation. Fermentat,ion no. 7 was at 65 F (18.3 C) and no. 8 at 75 1F' (23.9 C), but both fermenitationis were completed in about 9 days. They were then both fortified to 14.5 perI cent, alcohol, and 1 lpnm of oxygen was bubbled through.
In fermentation no. 7, 1 1pm of oxygen was introduced, and the (ontents were stirred coiitinuously at 90 rpm. The yeast, counits and aldehyde conitents are shown in figure 7. There was a high initial aldehyde content due to (1) the int,roduction of oxygeni dluinlg the fermentation and (2) the lower temperature of fermenitationi. Some of this aldehyde was lost in the first weeks, but later there Nwas ani accumulation of aldehyde. This latter inicrease appears to have been due to the 100 psig pressur;e applied fronm the 25th tco the 74th day. Thereafter, the treatment was 15 psig air pressure and 0.1 lpmii air. From the 80th to 235th day, 34 
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. The products of most of these experiments were fortified to 17.5 per cent alcohol and placed in 10-gal oak barrels. Taste tests uniformly identified the wines as very characteristic of "flor" sherry wines. The high aldehyde contents imparted to the wines a very characteristic flavor and odor. Whether or not such wines would find consumer acceptance is not known. Relatively low-alcohol wines (15 to 17 per cent) of this type have received significant consumer acceptance in Spain. ACKNOWLEDGMENT The assistance of Mr. Cornelius S. Ough in the conduct of the experiments is gratefully acknowledged. SUMMARY Experiments are reported on the submerged culture of a flor-type yeast (Saccharomyces beticus or Saccharomyces fermentati). Various combinations of temperature, rate of gas flow, pressure, and stirring were used to induce yeast growth and aldehyde accumulation. Aldehyde contents of up to 1000 mg per L occurred.
Acetic and malic acids, glycerine, and alcohol are carbon sources for the growth of the yeast. The addition of ammonia, copper, and iron did not materially aid yeast growth.
The most satisfactory combination of environmental factors was application of 100 psig pressure with low oxygen flow (0.1 L per min) after the initial fermentation. Reduction of the pressure to 15 psig with the same rate of flow of gas but using air instead of oxygen and intermittent stirring of t,he contents (25 sec per hr) gave excellent yeast growth and aldehyde formation. Under these conditions, about 50 per cent of the contents could be removed every 2 weeks and the aldehyde content of the product maintained at over 500 mg per L. This process was more successful when conducted on a semicontinuous basis. By removing %0 of the contents daily, the aldehyde build-up over the period of the experiment was at least twice as fast as in the batch process.
